The Abruzzi-Molise sector in the Central Apennines is a part of a fold and thrust belt that has been deforming since the Late Cretaceous as a result of collision tectonics between the European and Adriatic plates. The superposition of different deformational styles highly reworked the originally complex palaeogeography of this portion of the southern Tethyan margin. Analogue modelling has been performed on thrusting mechanisms in the Abruzzi-Molise area in order to (1) reduce the number of admissible hypotheses regarding palaeogeographic setting, and (2) define thrusting mechanics. Both of these goals are crucial for hydrocarbon exploration purposes. The sandbox apparatus used to simulate the undeformed passive margin consisted of a thin compartment juxtaposed against a thick one along a linear boundary having variable geometries and mechanical stratigraphy; a rigid but mobile backstop was used to deform the stratigraphy in a Coulomb thrust wedge. Results from six experiments show that the geometric relationships between different structural units depend on the distribution of palaeogeographic domains. These domains are defined by mechanical and=or geometrical parameters, such as the orientation between the maximum compression direction and the palaeogeographic boundary, the mechanical stratigraphy and the thickness of the successions reproduced in the models. The present-day tectonic styles and Meso-Cenozoic palaeogeography of the Abruzzi-Molise area are discussed in terms of the mechanisms and structures analysed through the models.
Introduction
Much of the current literature on the structural evolution of mountain belts has concentrated on examples that maintain broadly similar structures along their length. Orogens, however, are rarely similar in cross-section over large distances, but are rather segmented into subsidiary arcuate belts bounded by transverse fault zones and show along-strike changes in deformational styles. The origin of these changes may be due to various causes, such as those partially modelled in laboratory experiments (e.g. strain partitioning, changes in basal friction or sedimentary thickness, etc.; Calassou et al., 1993) . Among these processes, the influence of lithological variations in the palaeogeographic setting is one of the most common explanations (Morley, 1987; Butler et al., 1989) .
Field investigations alone, however, do not satisfactorily constrain the 3D relationships between structural transfer-zones and changes in palaeogeography. In fact, palaeogeographic reconstructions are Fig. 1 . Geodynamic map of the major tectonic provinces of the Italian Peninsula and surrounding areas (re-drawn and modified after Bigi et al., 1990) . The square indicates the location of the study area.
often speculative because of the complex tectonic reworking that occurs in fold and thrust belts. This topic is typical of the orogens of the Mediterranean region, as typified by the Apennines. This paper examines the structural evolution of orogenic belts that do not maintain similar structures along their length. In particular, the temporal and spatial relationship between different arcuate systems at the boundary between the Central and Southern Apennines (Fig. 1) is examined, an area where changes in Meso-Cenozoic palaeogeography are especially relevant. These differences mainly consist of the presence of carbonate platforms and pelagic basins that developed along the passive southern margin of Tethys due to variable subsidence and sedimentation rates (Parotto, 1980; Damiani et al., 1992; Fig. 2) .
The orogenic evolution of this crustal sector is divided into three main tectonic events. These are:
(1) the Mio-Pliocene, E-and NE-verging, compressional stacking of the palaeogeographic domains (Patacca et al., 1990) ; (2) the post-Pliocene dissection and rotation of the pre-existing compressional structures by high-angle strike-slip faults (Salvini, 1993; Faccenna et al., 1994; Corrado et al., 1997) ; (3) the Pleistocene to present extensional tectonics that, with a main fault direction parallel to the belt axis, has resulted in the collapse of the orogenic wedge (Bigi et al., 1990) .
Strike-slip tectonics highly reworked the com- Fig. 2 . Geological map of the Central Apennines (re-drawn and modified after Bigi et al., 1990) . Cross-sections A-A 0 and B-B 0 are shown in Fig. 11 ; cross-section C-C 0 in Fig. 5. pressive framework, and as such its reconstruction is quite difficult. However, a complete understanding of the compressive styles in this area is crucial to petroleum exploration because the principal structural traps mainly developed during the first stage of orogenic deformation. Considering the complexity of this system, an experimental modelling approach was used in this study to investigate the influence of palaeogeographic changes on deformational style variations during the first tectonic event (compression). Parameters such as thickness and rheological stratification of the sedimentary succession, as well as the geometry of the palaeogeographic transitions between different sedimentary domains, have been scaled-down and studied in 3D using a large sandbox apparatus. Various experiments were performed with different combinations of these parameters and monitored in plan view at discrete time intervals; at the end of each experiment several cross-sections were taken along strike and dip directions.
The comparison of experimental models and field geology provided mechanical constraints on the tectonic evolution of the study area, thereby greatly reducing the number of admissible palaeogeographic reconstructions and improving the understanding of the role of décollement levels.
Geological setting

The Central Apennines
The Apennine Chain is an arcuate fold and thrust belt that has developed since the Late Cretaceous. Since the Late Miocene it has been developing into two divergent subsidiary arcs ( Fig. 1 ; Bigi et al., 1990; Patacca et al., 1990) , with the Central Apennines lying between these two sectors (Fig. 2) . The chain evolves westward into the Tyrrhenian back-arc basin, which is affected by Neogene-Quaternary extensional tectonics and associated volcanism (Parotto and Praturlon, 1975; Serri et al., 1993) , and eastward into the Adriatic foredeep and foreland.
The Central Apennine structures result from a few palaeogeographic domains that developed during the Meso-Cenozoic along the southern margin of Tethys. In outcrop this region is characterised by various Tethyan continental-margin sedimentary realms (including carbonate platforms, by-pass margins, slopes and pelagic basins) which range in thickness from about 1000 to 5000 m (Mostardini and Merlini, 1986; Damiani et al., 1992) . The original boundaries of the palaeogeographic realms were likely highly articulated; however, now they are overprinted and variously rotated by orogenic tectonics (see Cavinato et al., 1994 and Mattei et al., 1995 , for a review) and covered by a few thousand metres of syn-orogenic terrigenous sediments which developed in either foredeep or thrust-top basins (Patacca et al., 1990) . The syn-orogenic units range in age from Early Miocene in the southwest to Late Pliocene in the northeast (Patacca et al., 1992; Cipollari and Cosentino, 1995) , reflecting the general outward migration of the orogenic system.
The study area: the Abruzzi-Molise region
Main features
The Abruzzi-Molise region is located in the frontal portion of the Central Apennine fold and thrust belt, at the junction between the northern and southern subsidiary arcs (Fig. 1 ). At this location, different tectonic styles are superimposed as a result of Neogene and Quaternary tectonics (1, thrust; 2, strike-slip; 3, extensional; D' Andrea et al., 1992; Patacca et al., 1992; Corrado et al., 1998a) . In addition, this area is promising for hydrocarbon exploration because (1) one of the outcropping structural units (the Molise Unit) is a good regional seal for one of the most productive reservoirs in Italy (Casero et al., 1988; Zappaterra, 1990) , locally represented by the buried and deformed Apulia carbonate platform (Fig. 3) , and (2) various lithostratigraphic units in both the Apulia and Molise successions are considered potential source rocks (Zappaterra, 1990) . The coexistence of different structural trends, coupled with good subsurface data from hydrocarbon exploration, makes the Abruzzi-Molise region (Fig. 2) an excellent site in which to examine the thrust and fold kinematics between two arcuate thrust belts.
Geological domains
The four palaeogeographic and structural domains recognised in the Abruzzi-Molise area (Fig. 4) are described below from the shallowest (W) to the deepest (E). (1) The Latium-Abruzzi domain outcrops in the Matese massif with a predominant E-W structural trend and N-vergence, and in the Marsica region with a NNW-SSE structural trend and ENE-vergence. It is made up of Upper Triassic to Upper Cretaceous platform carbonates which are disconformably overlain by Lower-Middle Miocene limestones and marls that grade upward into an Upper Miocene siliciclastic flysch deposit (Fig. 4, col. a) .
(2) The Genzana Unit is a ENE-verging thrust sheet placed between the overlying Latium-Abruzzi and underlying Apulia realms. Its stratigraphic succession is made up of well-bedded, calcareousmarly-siliceous lithotypes that range in age from Late Triassic to Middle Miocene. This succession is overlain by Upper Miocene siliciclastic flysch deposits (Fig. 4, col. b) .
(3) The Molise Unit has highly variable structural trends which range from E-W in the south to N-S in the north. It is made up of Jurassic to Miocene slope and pelagic-basin carbonates (Frosolone sub-Unit; Fig. 4 , col. c) which become progressively more distal moving away from the Matese massif to the north, where exposure of this unit is extensive (Agnone subUnit; Fig. 4 , col. d). Towards the top, the Molise domain is overlain by lower Messinian flysch deposits.
(4) The Inner Apulia Unit outcrops with a predominant NNW trend in the Mt. Arazecca, Mt. Morrone and Mt. Maiella areas, deepening towards the east, beneath the Molise Unit, at an average depth of 2500-3000 m b.g.l. It mainly consists of Upper Triassic-Cretaceous carbonate platform deposits that locally grade upward into Lower Cretaceous, slope and pelagic-basin facies. These are followed by a carbonate ramp unit that deposited from the Langhian to the Tortonian. Moreover, from the southwest to the northeast, the Inner Apulia Unit is overlain by progressively younger siliciclastic flysch deposits that range from upper Messinian to Lower Pliocene (Globorotalia puncticulata Biozone) (Fig. 4 , col. e).
In synthesis, two main carbonate platforms (the Latium-Abruzzi and the Apulia) with variably oriented boundaries were separated by a pelagic realm (Genzana and Molise Units) which had variable environmental features, i.e. shallower in the Genzana portion and deeper in the Molise portion (Fig. 4) . This pattern derives from detailed stratigraphic and structural studies performed in the last years in the Abruzzi-Molise area (Corrado et al., 1998b; Di Bucci et al., 1998) .
In conclusion, the comparison between the preorogenic setting (Fig. 4 ) and the present-day struc- tural pattern (Fig. 2 ) allows to recognise that the orogenic deformation caused differential rotations, detected through palaeomagnetic investigations of different sectors of the main Meso-Cenozoic palaeogeographical domains. In detail, the Matese massif subdued a counterclockwise rotation of about 40º between early Messinian and Early Pleistocene times (Speranza et al., 1998) and the Marsica region a clockwise rotation of about 20º after early Messinian times (Mattei et al., 1995) .
Main décollement levels
These main units have been detached along different stratigraphic levels. The Latium-Abruzzi, Genzana and Inner Apulia Units show a detachment in Upper Triassic evaporites which is commonly ob- served in both the Central and Southern Apennines (Mostardini and Merlini, 1986; Bally et al., 1986; Casero et al., 1988) . The Molise domain has two different regional detachments: the shallower one corresponding to the Argille varicolori Fm (multicoloured clays, Oligocene-Early Miocene in age) deposited in the distal portion of the Molise basin (Agnone sub-Unit), and a second deeper level (older than the Middle Jurassic and probably Late Triassic) in the proximal portions of the same basin (Frosolone sub-Unit). A regional ramp linking these two detachments is inferred in this study.
Styles and timing of deformation
Concerning the tectonic regimes that acted in this region during the Neogene-Quaternary formation of the Apennine Chain, three deformational events have been defined:
(1) The earliest deformation was thrusting between the lower Messinian to Upper Pliocene. It resulted in the tectonic stacking of the four main palaeogeographic domains in this sector of the Apennines (Patacca et al., 1992) . The amount of regional shortening of this sector of the Central Apennines is estimated to about 50% (Bally et al., 1986; Salvini et al., 1997; Fig. 11, top) , but higher values affect the upper portion of the pelagic basin sequence of the Molise domain (Vecchia et al., 1997; Fig. 11, bottom) .
(2) The thrust structures were then overprinted by post-Pliocene, strike-slip tectonics (Fig. 5 ) which caused the dissection and probable rotation about vertical axes of pre-existing compressive structures by means of mainly high-angle strike-slip faults . To the east (Matese Mts, Molise Unit), these elements show a pattern predominantly characterised by N-S, right-lateral, strikeslip faults and 070º-080º, left-lateral, strike-slip faults. These systems cut through the buried Apulia Unit along narrow localised shear zones which propagate at shallower structural levels into wider deformational belts having 'flower' geometries. Strikeslip tectonics contributed to the shallow deformation of the Molise realm, presently deformed by a series of N-and W-directed thrust sheets that evolved as a consequence of motion along strike-slip fault discontinuities. Mainly NNW-SSE-and N-S-trending, right-and left-lateral, strike-slip faults cut the outcropping Latium-Abruzzi, Genzana and Apulia Units to the west (Marsica Range) (Miccadei, 1993; Corrado et al., 1995) .
(3) Finally, extensional tectonics since Pleistocene times have been resulting primarily from the collapse of the orogenic wedge; this is well recorded in the outcropping areas of the Latium-Abruzzi, Genzana and Apulia domains through the development of high-angle NW-SE normal faults (S.G.N., 1961 , 1968 Ferranti, 1994; Corrado et al., 1998a) .
Analogue modelling
Introduction
Models were performed in the Experimental Laboratory of 'Roma Tre' University in order to give insight into geological processes similar to those occurring in the Central Apennines and, in particular, to compare compressive structural styles developed in different Meso-Cenozoic palaeogeographic domains. With these purposes in mind, the authors tested the influence of (1) lateral thickness changes, (2) the presence of a décollement level within the stratification of the sedimentary pile, and (3) the orientation of the palaeogeographic realm boundaries with respect to the shortening direction, on thrust geometry.
The experimental procedure and materials are presented below, followed by the results of these sandbox models.
Experimental procedure
The modelling techniques are similar to those commonly used for studying foreland thrust tectonics (see, among others, Malavieille, 1984; Ballard et al., 1987; Souriot et al., 1991; Liu Huiqi et al., 1992; Calassou et al., 1993; Storti et al., 1997) . The brittle behaviour of the upper crust, both for carbonate platform and calcareous pelagic deposits, was simulated by dry, well-sorted (0.2-0.3 mm) and well-rounded, quartzose aeolian sand from Priverno (southern Latium, Italy). This sand is a nearly cohesionless Mohr-Coulomb material having a frictional coefficient of 0.6 and an average density (obtained by the standard sieving technique) of about 1.5 g cm 3 . As in previous studies (Souriot et al., 1991; Nalpas and Brun, 1993; Faccenna et al., 1996) , the behaviour of an interlayered décollement level (water-saturated clay-rich Argille varicolori Fm in the Central Apennines) was simulated by a silicone putty layer. This choice was supported by the ductile behaviour suggested for the Argille varicolori Fm along the Apennines thrust front by Roure et al. (1990) . This behaviour strongly differs from that of the other clay-rich units interlayered within the Apennines sedimentary sequences, whose modelling should require, instead, other analogue materials (Verschuren Fig. 6. Experimental apparatus. et al., 1996) . The silicone putty used is a nearly Newtonian fluid (n D 1) with a density of 1.3 g cm 3 and a viscosity of 3 ð 10 4 Pa s at room temperature. The rheological properties of the materials and their applicability in small-scale experiments have been extensively described by Davy and Cobbold (1991) and Nalpas and Brun (1993) . The distance scaling factor is 10 5 , therefore 1 cm in the box represents about 1 km in nature. The materials and experimental apparatus used in the present study are summarised in Figs. 6 and 7.
The deformation apparatus consisted of a 1.2 m ð 1.2 m basal plate which was fixed with respect to a vertical rear wall (20 cm high) to geometrically simulate a simple back-stop (Fig. 6) ; the other sides of the models were left free to avoid undesirable lateral friction. At the bottom of the box a mobile basal plate, consisting of a mylar sheet, represented the basal décollement level. The mylar sheet was pulled at a constant velocity outside the box by an electric motor located at the rear of the wall, thereby producing compression in the model, by basal friction, as the sand pack was pushed against the rigid rear wall. In this way, the model system was totally accreted due to sliding on the basal rigid décollement. The rear wall, located on top of the mylar sheet, did not allow the material to leave the system.
For the purpose of these experiments the role of erosion during episodic accretion was not considered and the model was not isostatically compensated.
Two sets of experiments were carried out (Fig. 7) . In both sets of experiments two sedimentary domains (a thicker carbonate platform and a thinner pelagic basin) plus previously deposited foredeep sequences Fig. 7 . Experimental geometries and stratigraphy of the models. In the stratigraphic columns, sand is represented in white and grey corresponding, respectively, to light brown and coloured (green or black) sand levels used in the experiments (see Fig. 9 ).
have been reproduced in scale by decreasing the sand pack thickness from 5 to 3.5 cm, respectively. In the first set the thrusts propagated in a single brittle sandy layer (set I in Fig. 7) , simulating the palaeogeographic transition from a carbonate platform to a mainly calcareous (Genzana-like) pelagic basin, while in the second set the models had an interlayered, 3 mm thick, horizontal viscous décolle-ment layer which was located only in the thinner 'pelagic' domain (set II in Fig. 7) , simulating the palaeogeographic transition from a carbonate platform to a mainly clayey (Molise-like) pelagic basin. The chosen horizontal attitude of the décollement corresponded to that observed in the Central Apennines: one, Late Triassic in age, in the first set of models and two, Late Triassic and Oligocene-Early Miocene in age, in the second set. The rate of displacement in set II was fixed at 1 cm per hour to obtain a correct strength profile for the viscous deformation of the décollement level (see also Nalpas and Brun, 1993) .
Each set of experiments is made up of three models characterised by a different orientation between the slope and the rear wall. In plan view, this angle (measured clockwise) has been varied from 120º, to 90º and finally to 60º. The slope orientations forming an angle of 60º and 120º with the backstop are those that better simulate the natural conditions that occurred in Neogene times for different segments of the pre-existing Meso-Cenozoic palaeogeography. As a matter of fact, the slope between carbonate platforms and pelagic basins were highly articulated forming acute (60º) or obtuse (120º) angles with the b-axis of the pre-existing chain (see Section 2, Fig. 4 ). This b-axis, in fact, must have been roughly NW-SE-striking as the regional ¦ 1 was constant and NE-SW-oriented during the mountain-building (Mattei et al., 1995) . The slope orientation forming an angle of 90º with the backstop does not correspond to a probable palaeogeographic slope, but was used as an intermediate pattern to help in the interpretation of models showing the other two slope orientations.
Experiments were interrupted after 10-15 cm of shortening, i.e. when the critical taper conditions were reached. This allowed to compare experimental and natural deformational styles, even if shortening reached in the experiments was much less than in the natural case history. At the end of each experiment the model was wetted and cut into a series of vertical sections.
Results
Main features of set I models
The following geometrical and kinematic features were evident in this first set of experiments (Fig. 8a-c, 9a,b) . (1) The number of thrusts was higher in the thin compartment than in the thick one, as also recorded by Liu Huiqi et al. (1992) in experiments performed using variable thicknesses. The ratio between thrusts in the thin compartment and those in the thick one was equal to 2 : 1. (2) Thrust fronts were generally rectilinear in both the thick and thin compartments, analogous to that observed by Calassou et al. (1993) in similar sandbox models. (3) The different slope orientations in the three models did not substantially affect the geometry of the overall thrust front during any stage of deformation; it was generally rectilinear for the entire model or for each half model, depending on the deformation stage.
The development of deformation in the first set of models may be summarised as follows. (1) Thrusting emerged first in the thin compartment and then in the thick one, as thrusts had to climb a higher stratigraphic succession in the thick compartment.
(2) Deformation stages during which thrust fronts were continuous throughout the entire model alternated with stages during which thrusts formed only in the thin half of the model. In the stages with continuous thrust development, a major bend (localised in the thin compartment toward the slope) characterised the thrust front and may be considered as a transfer zone; this is analogous to the models of Calassou et al. (1993) . (3) The more abundant thrusts in the thin compartment tended to line up with the generally more advanced thrusts in the thick compartment. (4) Deformation was accommodated by thrusting directed only toward the undeformed front of the model. No backthrusting occurred.
Main features of set II models
The following geometrical and kinematic features were evident in the second set of experiments (Fig. 8d-f, Fig. 9c). (1) Number of thrusts was higher in the thin compartment than in the thick one. (2) Thrusts were generally almost rectilinear in the thick compartment and arcuate in the thin compartment, with an increasing thrust curvature as deformation progressed. In detail, thrusts in the thin compartment of model II1 (with an angle of 120º, Fig. 8d ) were arcuate and symmetrical, but they became progressively narrower and more arcuate moving from the backstop to the undeformed model as the thin compartment became narrower. In model II2 (with an angle of 90º, Fig. 8e ), thrusts in the thin compartment became progressively more arcuate and asymmetrical, with their apex moving from the thin compartment toward the slope. In model II3 (with an angle of 60º, Fig. 8f ), the curvature tended to be distributed more homogeneously throughout the entire model and the whole model thrust front became progressively more arcuate as deformation advanced. (3) During each stage of deformation, thrust fronts were generally more advanced in the thin compartment than in the thick one. (4) The slope orientation controlled the general thrust front geometries. In detail, the entire thrust front evolved from highly asymmetrical in model II1 (Fig. 8d) , to slightly asymmetrical in model II2 (Fig. 8e) , to almost symmetrical in model II3 (Fig. 8f) .
The development of deformation may be summarised as follows. (1) Thrusts first emerged in the thick compartment and then in the thin one as the silicone putty layer acted as an obstacle to the development of deformation toward the top of the succession. (2) Deformation was accommodated in the thin half model by thrusting and backthrusting, but only by thrusting in the thick compartment. (3) During the late stages of deformation, extension may occur in the rear portion of the thin compartment where silicone putty is present (e.g. Fig. 8e ). Fig. 9 . Examples of cross-sections through the performed models: (a) 5-cm-thick sand (thick compartment); (b) 3.5-cm-thick sand (thin compartment in set I); (c) 3.5-cm-thick sand with a silicone putty layer at 2 cm (thin compartment in set II). Note that in set I the general direction of thrusting is toward the external portion of the models, while in set II thrusts are directed toward the external portion of the model in the highest and internal portion of the accretionary wedge and toward the backstop in the least elevated and more external portion of the model.
Discussion
In the models described above, it is clear that changes in the rheological layering of the thin compartment (presence=absence of the silicone putty layer) played a primary role in both the deformational styles developed in the two sets of experiments and in the shape of the thrust fronts.
Comparison between the two sets of models
In detail, the sand models (set I, Fig. 8a-c,  Fig. 9a,b) exhibited the following features: (1) deformation was accommodated by thrusting directed only toward the undeformed front of the model, no backthrusting occurred; (2) deformation was almost cylindrical and the generally-rectilinear thrust fronts tended to line up with each other; (3) for thrust fronts that developed throughout the whole model, Fig. 10 . Kinematics of foreland-and hinterland-directed thrusts in the second set of models. After Corrado et al. (1998c) , re-drawn and modified.
the portion which developed in the thin compartment cut through the surface of the model earlier than the portion developed in the thick compartment.
Generally speaking there are clear analogies between the present models and that constructed by Calassou et al. (1993) , which had a vertical step in the base of the model that allowed one to work with variable thicknesses. The similar deformation patterns in both models, despite of the differences in the experimental apparatus, demonstrate that the only parameter that influences deformation is thickness.
For models containing the silicone putty layer (set II, Fig. 8d-f, Fig. 9c ), backthrusts were structures which developed extensively in the less topographically elevated portion of the accretionary wedge. In detail, the silicone putty layer acted as a décolle-ment within the multilayered analogue of the thin compartment and deformation was accommodated by both thrusting and backthrusting, while thrusting predominated in the higher portion of the accretionary wedge in both the thick and thin compartments. Backthrusting involved only the upper part of the stratigraphic sequence, from the silicone putty layer to the top, while the lower part underthrust the deformed wedge toward the backstop. This happened when the strength level to cut up the entire sand and silicone pack and to carry on the previously formed thrust wedge became higher than the strength necessary to propagate deformation along the silicone level. In detail, the silicone layer was activated with a top to the hinterland sense of shear, producing backthrusts, while the last formed foreland-directed thrust and the mylar sheet were still active, and the portion of the stratigraphic pile comprised between the mylar sheet and the silicone layer (only sand) kept undeformed and was locked at the rear by the pre-existing thrust stack ( Fig. 10 ; Corrado et al., 1998c) .
Moreover, in the most elevated portion of the thrust wedge the deformation style in the thin compartment changed from the bottom to the top of the stratigraphic sequence: below the silicone putty layer, shortening was mainly accommodated by fault-bend folding, while from the silicone layer to the top bend-ramp anticlines in the lower levels were replaced by detachment folds (Fig. 9c) .
In synthesis, once the critical taper was built up, backthrusting developed which was linked to the presence of the décollement within the sedimentary sequence, showing geometries and mechanics analogous to those indicated by Allemand (1990) and Patriat et al. (1997) in extensional regimes at regional scales. In fact, according to these authors the vertical evolution of deformation style within a layered rheological stratigraphy with ductile units at the bottom and brittle units at the top is associated with a horizontal partitioning of the ductile shearing between ductile and brittle behaviour.
Finally, the thrusts which developed throughout the entire model emerged in the thick compartment before they appeared in the thin one, in contrast to that experienced in the first set of models; moreover, thrust fronts tended to be more advanced in the thin compartment than in the thick one and the convexity of the frontal thrusts increased with increased shortening.
The orientation of the slope with respect to the maximum shortening direction greatly influenced the thrust trends in the models containing the silicone putty layer in the thin compartment, as described in the previous section, whereas in the sand models the overall thrust front tended to be rectilinear and parallel to the backstop regardless of slope orientation. 
Relationships between models and natural examples in the Abruzzi-Molise area
The deformational styles of the two different pelagic basins developed in the Abruzzi-Molise area are highly dependent on the presence, in the Molise basin, or absence, in the Genzana basin, of an important fault-gathering zone within the sedimentary multilayer which is stratigraphically higher than the basal detachment represented by the Burano Fm (see Fig. 4 ). The two cross-sections of Fig. 11 represent the typical structural styles acquired during Neogene shortening by these two pelagic basins, palaeogeographically developed between two carbonate platforms during Meso-Cenozoic times (see Fig. 4 ).
At present the Mt. Genzana Unit, made up of 3000-m-thick pelagic sediments with 2000 m of siliciclastic deposits, is developed as a 10-km-wide, almost rectilinear, NNW-SSE-striking and ENEdirected thrust sheet. It outcrops in footwall flat at the base of the Latium-Abruzzi Unit, whereas it ramps at the top of the Apulia Unit (Figs. 2 and  10) . From stratigraphic and regional structural data (D'Andrea et al., 1992; Miccadei, 1993; Corrado et al., 1995) it is admissible that it develops flat in the subsurface towards the west in the footwall for a few tens of kilometres below the Latium-Abruzzi Unit and is presumably detached along the Burano Fm.
This deformation style shows clear affinities with geometries observed in the cross-section of Fig. 9b (set I experiments) where only thrusts directed toward the foreland developed almost cylindrically (Fig. 8a-c) .
Consequently, one can hardly make a reliable hypothesis regarding the slope angle (between the pelagic basin and the adjacent carbonate platforms) and the maximum shortening direction in this area. In fact, in the first set of experiments no influence was observed on deformation with varying values of the angle between the slope and the maximum shortening direction.
On the other hand, the Molise sedimentary succession presents two first-order detachment levels. The basal level must have developed at the bottom of the more proximal unit (Frosolone sub-Unit) of the Molise realm and is coincident with the detachment level of the Genzana basin (Burano Fm); the higher level is represented by the Upper OligoceneLower Miocene Argille varicolori and detaches the upper part of the distal unit (Agnone sub-Unit) of the Molise realm. The Molise Unit, in its more distal portion, is deformed into a series of thin thrust sheets that show flats which are a few kilometres long and are stacked to form a 2500-3000-m-thick pile of highly impermeable rocks; these represent the main seal in the study area (see Fig. 3 ). Seismic reflection lines show that these thrust sheets have a transport direction towards both the foreland and hinterland, with a numerical predominance of backthrusts. Moreover, they are widely developed in outcrop, as shown in Fig. 2 , and are not directly overthrust by the Latium-Abruzzi Unit. Only the portion of the stratigraphic succession older than the Argille varicolori, that at present is completely missing in outcrop, must have been underthrust below the Latium-Abruzzi carbonate platform unit. This deformation style resembles the cross-sections of Fig. 9c , where the silicone putty level acted as the main décollement level. On the top of this level thrusts were backstop-directed, while the sequence under the silicone level was simply underthrust toward the backstop.
Considering the slope orientation it is clear that the strong curvature of the thrust fronts which outcrop in the Molise basin must be linked to the presence of the important décollement of the Argille varicolori Fm within the deformed sedimentary succession of the Molise distal unit (Agnone sub-Unit). This strong curvature, which from field investigations seems to be a kinematic consequence of the activity of important strike-slip faults (see Corrado et al., 1997) , may have also partially developed in the first stages of deformation during the main shortening event, as suggested by the analogue modelling approach.
Conclusions
Analogue modelling has been performed to analyse thrusting mechanisms in the Abruzzi-Molise area where Meso-Cenozoic pelagic basins and carbonate platforms are deformed by Neogene thrust tectonics.
The innovative results from the six experiments performed with different geometries and rheological stratigraphies include that:
(1) Variable original geometries between sectors that were characterised by different thicknesses but equivalent rheological stratigraphies (sand), did not influence the deformational style and overall deformation geometry. Thrusts were generally rectilinear in compartments with constant thicknesses and were connected between sectors with different thicknesses by narrow transfer zones. Foreland-directed thrusts tended to line up throughout the entire model. On the other hand, a clear influence was exerted on the same aspects when a silicone putty layer was interposed within the stratigraphy of the thin compartment.
(2) The only parameter that influenced thrust spacing in the sand models was the difference in thickness; no influence was due to the position of the step between the differently thick sectors.
(3) The presence of the silicone putty layer within the rheological stratigraphy of the thin compartment caused the development of backthrusts in the lesselevated region of the thrust wedge.
(4) Models suggest that the presence or absence of the Argille varicolori décollement in the Molise or Genzana basin stratigraphy, respectively, highly influenced their present-day deformational styles.
The good agreement between laboratory models and field data highlights that experimental modelling provides a powerful, even if highly simplified, investigation tool for tectonically complex areas in arcuate fold and thrust belts.
